Abstract. Critical wildlife habitat supporting mule deer, antelope, and sage grouse in high elevation rangeland and sagebrush ecosystems of southwest Wyoming is threatened by energy development and residential sprawl, resulting in a declining forage base. Restoring disturbances with diverse plant communities is needed. Our objectives were to assess establishment and persistence of native grass, forb, and shrubs, and to test seed mixtures and seeding techniques. In October 2005, 72 entries of 50 native species were drill-seeded on a reclaimed well-pad site, in single-species plots in a randomized complete block design with four replications. Also, two seed mixtures were broadcast-and drill-seeded, and one seed mixture was hydroseeded on disturbed areas adjacent to the plots. In replicated plots, density of seeded species was recorded in each of the 3 years post-seeding, and biomass was clipped from grass plots in 2008. Density by species was counted in mixture plots. In replicated plots, ANOVA showed plant counts depended on seeded species. The Shell mixture hydro-seeding was unsuccessful. Short-term results provide recommendations for native plant restoration. Relatively low establishment of forbs and shrubs indicate more work is needed to develop these plant materials and technologies.
Introduction
3. Distribute results to public and private land managers, as well as other interested individuals.
Site Description
The Shell project is located on a previously disturbed well-pad, approximately 48. The results of soil laboratory tests on surface (0 to 13 cm) and subsurface (13 to 25 cm) characteristics include, respectively: ph 7.8-8.1, low excess carbonate, soluble salts (mmhos/cm) 0.34-0.46, Na (ppm) 52-122, organic matter 0.7-1.0%, cation capacity 15. 4-20.5; and parts-per-million of NO 3 11-17, P 4-6, K 123-177, Mg 313-370, Ca 2427-3330, S 16-38, Zn 0.4-0.5, Fe 4.3-6.9 , Mn 0.5-1.7, Cu 1.2-1.5, B 0.7-0.9, and sodium adsorption ratio (SAR) 0.84-1.7.
It is a sandy ecological site, in a 250 to 356 mm precipitation zone in foothills and basins.
The dominant vegetative cover type is classified as sagebrush steppe and the potential natural vegetation is estimated at 70% grass and grass-like plants, 10% forbs, and 20% woody plants.
The key grass species are needle and thread, thickspike wheatgrass, Indian ricegrass, and bluebunch wheatgrass. The forbs include buckwheat, clover, milkvetch, fleabane, and biscuitroot. Shrub cover is dominated by big sagebrush. The total annual production (air-dry weight) ranges from 785 kg/ha in unfavorable years up to 1,682 kg/ha in favorable years (USDA, NRCS 2005) .
Methods and Materials
The 1.8-ha site was disturbed in 2002 and an oil and gas well-pad was constructed.
Approximately 15 cm of topsoil was stripped and stockpiled for 37 months and re-applied to the pad following development. The soil was ripped to mitigate heavy equipment compaction and restore infiltration, then firmed and smoothed. Seedbed conditions were moderately fluffy and less than ideal for precise seed placement. Tables 1 and 2 for species composition), were tested on adjacent plots. Following planting of the broadcast-seeded plots, the area was roughened with a wooden pallet pulled behind the ATV (Fig. 3 ). In addition, the Shell mixture was hydroseeded to a 0.4-ha plot on a smooth slope in a one-step mulch application. in centimeters, plant counts and/or biomass production, and photo points. 
Results
Replicated Plots.
Grass. Based on an analysis of variance of the 2006 -2008 data (Statistix, 2007 , the establishment and survival, as determined by density, was significantly different among the grasses (p≤0.05). In 2006, entries of basin wildrye, slender wheatgrass, and bluebunch wheatgrass had the greatest densities of the 32 accessions planted ( and survival measured by densities were different among shrub accessions (p≤0.05). The densities of shrubs were lower than expected and occurrences within a rep but outside a sample plot were noted. In 2006, the significantly better entries were two saltbush accessions (Table 5) .
Fifteen of the 16 species were present in the sample area with fringed sagewort not observed onsite. In 2007, densities improved in 44% of the entries over the previous year (Table 5) . Nine species were present in the sample area with six species noted outside the plots. There were no plants of spiny hopsage present in the treatment. In 2008, there were greater densities in 25% of the entries over the previous year (Fig. 8) . Ten species were present in the sample area with six species noted outside the plots. Over a 3-year period, the best performers were Wytana and Snake River Plains fourwing saltbush. Shrub heights differed among accessions (p≤0.05) but were less variable over time than densities. The shrubs with better establishment were not always the tallest, due to their inherent growth form. In 2008, 53% of the species were present in the sample area (Fig. 10 ). An additional 40% of the species in the mix were outside the sample area at very low ratings of stand establishment.
These included Rimrock Indian ricegrass, Great Northern western yarrow, Stillwater prairie coneflower, fringed sagewort, silverleaf phacelia, and Open Range winterfat. Scarlet globemallow did not establish. Plant densities were greatest in Critana thickspike wheatgrass and Pryor slender wheatgrass. Densities declined 22% from the previous year to approximately 8 plants/m 2 , but increased over 3 years by 25%. This treatment had 58% greater densities than in the drill-seeded treatment. Percentage richness was 63% grass, 13% forbs, and 25% shrubs. of the species in the mix were present in the reseeded treatment (Fig. 11 ). There were no plants of Sandberg bluegrass, Wyoming big sagebrush, fourwing saltbush, silvery lupine, fringed sagewort, Rydberg's penstemon, scarlet globemallow, and the native yarrow. Rimrock Indian ricegrass had the highest plant densities and winterfat densities from the previous year declined 80%. The treatment had approximately 1 plant/m 2 and percentage richness was 50% grass and 50% shrubs. Percentage frequencies of occurrence in the test plots were Rimrock Indian ricegrass (30%) and winterfat (10%). Relative vigor ratings were very poor and plant heights were approximately 8 cm. The hydroseeding establishments were the lowest, and in fact, were twice considered a failure. Mixing seed directly into the slurry and applying as a one-step mulch application on a smooth-slope surface, promotes seed movement and seedling desiccation due to drying and shrinking of the mulch. To restrict seed movement and promote seed-to-soil contact, a two-step approach is preferred where 1) the seed is separately mixed in a trace amount of mulch and applied directly to a roughened soil surface, followed by 2) a second application of mulch to reduce soil erosion and enhance micro-climate conditions necessary for germination and establishment (Holzworth, 2007) . The natural terrain of the site is rolling and the percentage slope mostly ranged from less than 1 to 8, with up to 12% slope in portions of the hydroseeded treatment. In the steeper gradients, plots were tracked with minor rills where water moved downhill. Minor soil movement due to wind erosion was evident in small accumulations adjacent to the fence and in low lying areas. 
Discussion
The demand for affordable energy to fuel the economy is resulting in the rapid expansion of energy exploration and extraction in high elevation sagebrush ecosystems in Wyoming.
Sagebrush plant communities support mule deer, antelope, and sage-grouse, among other wildlife species (Welch, 2005) . They are also important to the livestock industry. Disturbances resulting from energy exploration differ from historic disturbances of wildfire and grazing predominantly in the extent of soil disturbance, soil compaction, and loss of soil structure.
Restoration of native plant communities with a diversity of grass, forb, and shrub species important to key wildlife species is relatively unrealized (Hardegree et al, 2002) . The short-term results of these field experiments and trials provide information to further our ability to restore native plant communities and reduce the impact of development on sensitive wildlife species.
The Bridger mix was mostly comprised of commercially available seed and the Shell seed mixture was mostly wildland-collected. Seed costs are conservatively estimated at $125/acre for the Bridger mix and $200/acre for the Shell mix. An ongoing debate over strict use of locally indigenous material, versus seeding with widely adapted native plant materials, will ultimately be determined by seed availability and the price associated with timely revegetation of disturbed sites (Hijar, 2003; Booth and Vogel, 2006) .
Environmental factors such as low precipitation, higher temperatures, and increase of weedy species inhibit seedling establishment (Monsen et al, 2004) . The difficulty associated with longterm establishment of Wyoming big sagebrush may require use of a higher seeding rate (Schuman and Belden, 2002) . The native species with the highest establishment are those taking advantage of early spring moisture. Drought tolerance is the key to long-term survival in this harsh climate. The effects of mechanical site preparation and seeding techniques on disturbed sites may elevate soil erosion during the early stages of plant establishment (Pierson et al, 2007) .
Those factors, along with a need to determine appropriate planting techniques, should be taken into consideration during all aspects of planning for the exploration of oil and gas in southwest
Wyoming.
Summary
The replicated plots indicated that plant material accessions, currently developed, are easily established using drill seeding under the environmental and disturbance conditions of the area. estimates of a full stand, these same species were most often encountered in the seeding mixture trials, suggesting an increased seeding rate may improve establishment.
Species performance of the drill-seeded mixture plots were substantially lower than in the broadcast-seeded mixture plots, suggesting seeding depth is an important factor for many of the small-seeded species. This is comparable to the findings of a similar trial conducted on the Express Pipeline near Greybull and Worland, Wyoming (USDA, 2002) . Also, soil-roughing treatments may prevent wind loss of seed from the site. Results suggest the one-step practice of hydro-seeding may not be effective and should be seriously reconsidered as the planting method of choice in the restoration of native plant communities on these sites.
The dormant-seeded planting dates in the Shell trial coincide with the Soda Lake planting dates, while the Express Pipeline test sites were spring-seeded. Future seeding trials in the Pinedale Anticline and Jonah Field should consider experimenting, depending on species, with both spring and fall planting dates.
